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When this nation was founded its transportation pro-
blem was a simple one. Water transportation was virtually -its 
only means of communication; hence the determining elements in 
the location of towns and colonial industrial development were 
nearby rivers and lakes. What few roads were available were 
poorly constructed, in fact were merely trails at first, and 
were always impassable for many months in the year. The vehi-
cles for travel were so uncomfortable that people and products 
were sent by boat whenever possible. Where there was no water 
transportation, canals were projected and frequently construc-
ted, for no one had yet visioned the "iron horse." 
With the coming of the "iron horse," snorting down 
a short mileage of track, progress would not be delayed and 
the nation, states, and even local communities loaded down 
railroad projectors with bounties almost unlimited in character. 
By this time a very limited mileage of our roads 
had been improved by the use of first plank then crushed rock, 
cement and bitumen. It is to be noted that the early improve-
ment of our roads came by widening paths to trails for mounted 
men, thence widening these trails to accommodate the wagon and 
stage coach. It was these later that were improved, not in 
changing their location materially but by surfacing so as to 
make them passable at all seasons. Remains of some of our 
early stage coach roads are still visible in this state, one of 
the best examples I have seen was the remains of the Augusta-
Indian Springs road in Jasper County. Today the location of a 
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new road, shortly to be paved, follows very closely this early 
road. Thus when the internal combustion engine appeared on our 
highways, they were sufficiently improved to make the average 
man realize that no longer need he be dependent upon water or 
rail for transportation. He could at last be his own engineer 
and make his own time table going wherever he desired. 
We thus see that water transportation is so limited 
in area in this country and speed has become such an important 
factor in the present day life of our people that independent, 
individual transportation over highways, with constantly in-
creasing improved road mileage, is such that other means of 
transportation can neither curtail nor destroy. Co-ordination 
is necessary and advisable but the Wgreatest good to the greater" 
number idea prevails and business will adjust itself to this 
situation. 
While most of our highways were "byways," and the 
use of these "byways" destroyed the effective use of the automo-
bile: in one season, people nevertheless were using automobiles 
by the thousands. state Highway Departments sprang up over 
night and the Federal Government, after several years of study 
by a Congressional Committee, decided the Congress was responsi-
bile for a portion of the necessary expenditures for highways 
and among other reasons given, declared that the National De-
fense demanded it. This meant roads and bridges must be so 
located and constructed that they will maintain vehicles 
needed to transport material of whatsoever kind in time of 
emergencies. 
Thus the State Highway Departments, in order to parti-
cipate in Federal funds, were raced with the problem of improving 
and coordinating the then existing system of highways on a 
nation wide rather than state basis. This meant traffic sur-
veys to determine location and quality of construction needed 
~n each locality, research of road materials to determine the 
most durable kind, establishment of road systems in and between 
the states using the most direct source of communication, proper 
design of road bed and drainage, erection of uniform safety 
devices and directional signs in all the states and a coordina-
ted plan made into law to control the size, weight and speed 
of vehicles on the highway. 
In order to coordinate principles, laws and practices 
between all state Highway Departments and the Bureau of Public 
Roads of the United states Department of Agriculture (which has 
supervision of and disbursement of funds for all Federal Aid 
Roads) thus has come into being a coordinating organization known 
as the American Association of state Highway Officials, and in 
addition the Highway Research Board of the National Research 
Council. All of these organizations through tests and experi-
ments have evolved our present day methods of road building. 
The evolution of the modern highway may be consider-
ed as passing through four distinct stages before our modern 
paved road becomes an actual fact. These four stages or 
phases of highway building may be considered as: The location 
o~ the highway which involves a study of traffic needs. most 
economical and permanent site for the roadbed and actual sur-
vey thereof; the financing of the road which involves the cost 
of grading, and paving (including a study of paving types best 
suited for the particular road), $he construction of the road: 
and finally, the maintenance of the completed roadway. 
It shall be the purpose of th1s paper to d1scuss 
only the f1rst phase of road bu11d1ng;name1y,the Locat10n of 
the H1ghway and the problems 1nvo1ved. 
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The reasons for th1s are twofold - F1rst,the lack of 
any text or writ1ngs wh1ch touch on th1s most.1mportant phase 
of roadbui1d1ng 1n a pract1ca1 manner that w111 enable one to 
rea11ze the mumerous problems 1nvolved,and the most desirable 
and pract1ca1 solution to the problems themselves; Secondly, 
~ observation that few engineers engaged in highway activities 
really grasp the principles involved and need for adequate loca-
tion of our highways;there being an almost un1versal op1n10n 
among highway engineers that they can locate a highway anywhere 
at any time,never real1z1ng the special tra1ning required to 
properly locate a highway. The truth of these remarks is all 
too apparent to the careful observer as he r1des over the beau-
tiful paved highways of th1s and other states and sees the 
colossal blunders caused by some engineer who may be a special-
ist 1n grad1ng,pav1ng,or br1dge construct1on,try1ng h1s hand at 
location without the slightest concept10n of the factors 1nvo1ved. 
It shall be ~ purpose to show f1rst the need of 
proper locat1on,how to go about securing a grasp of the factors 
involved through a study of the economics of highway location, 
how the work 1s d1rected,Buperv1sed and organ1zed from off1ce 
to the f1e1d,how the field data is secured and util1zed,and 
fina11y,what conclusions may be reached. It is hoped that th1s 
paper may accomplish ~ objective which is to show the need for 
experienced Locating Eng1neers and to g1ve the student 
of Highway Engineering a brief outline that will enable him 
to tackle the actual operations in the field with the assurance 
that he is not going at his task blindly. 













When one considers the vast amount of money now being 
expended on highways,and the number of men given employment,he 
realizes that highways must have some economic value to justify 
their existence. From a study of Table 1 he sees that the growth 
of motor vehicles and highway expenditures are enormous,and that 
the number of miles of road on the State and Rural Systems yet 
to be improved is even greater than has been accomplished to 
date. 
The per capita cost of highways in Georgia,alone,was 
$7.88 in 1931 and #5.98 in 1932;and the question arises as to 
how it can be determined if higway funds have been wisely and 
economically expended,and what proposed,or future,roads are 
feasible and desirable. Also what roads of our present system 
justify improvement and further expenditure of funds. 
From the above it may be readily seen that economics 
play an important part in highway location, for it determines 
what roads shall be improved or bUilt,and to what extent. Before 
a highway can be located the Engineer must know what type of 
traffic to expect,how heavy,and the territory it serves,to 
intelligently locate the road. 
Upon the three factors: type of traffic(as passenger 
cars,busses or trucks);number of each;and territory(as local 
farming se~tion,commuters to large population centers,inter-
state,or intrastate)served;aredetermined the limiting pOints 
of the location. For upon these factors the grades,curvature, 
and to a large extent the actual location, in relation to 
localities,is decided upon. 
It shall be ~ purpose to discuss highway economics 
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only briefly. I shall discuss only that phase affecting actual 
location, ignoring such phases as cost,except as it affects the 
location,and its closely allied topics of maintenance,operation 
of motor vehicles,and highway financing. Such topics as the 
determination of improvements on present roads by rebuilding 
and relocatingjand how to determine future routes ,B,nd make the 
present and future routes safe for the traffic they will have 
to carry,will be discussed. 
The initial step in a study of the economics of high-
way location is the securing,and study,Of a traffic census on 
the road under consideration-whether it be to determine if a 
present route needs improving,or if a new route between two 
terminal points is desirable. 
This traffic census will show the type and density 
of travel at the points studied and upon these facts an estimate 
of present and future traffic needs can be made;and the road 
can be so located or relocated as to take care,not only of 
present but,of future antici~ated needs. If taken over a compl-
ete system,as all roads on a State Highway System,it will show 
the geographical distribution of traffic;type of traffic; 
measurement of the relative use of primary,eecondary,and third 
class highway systems;and the establishment of the fact and 
rate of traffic growth. 
All States, in varying degree,are faced with the same 
situation - an isufficiency of revenue to meet the needs of 
increasing traffic as rapidly as they should be met. All,there-
fore,have in commont~problems to solve: (1) The setting up of 
a plan of improvement,adjusted to the States financial resourc-
es,which ultimately will meet traffic requirementsjand (2) the 
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establishment of an order of priority among the numerous im-
provements that must be made. 
Priority of improvement can be decided very satisfact-
orily upon the basis of present observed trafficjbut the devel-
opment of a plan of improvement which will recognize and pro-
vide for future traffic needs must have as its basis an estimate 
of future traffic density as well as a knowledge of the present 
flow. This is essential to determine what locations are,and 
will be,needed;and their priority - for the whole foundation 
of future traffic needs is based on proper planning and 
location at the present time. 
In addition to the use of the census data for pur-
poses of broad p1anning,there are a number of specific problems, 
in dealing with which an exact knowledge of traffic density and 
characteristics is of primary value. Some of these other uses 
of the data are suggested merely by stating a few of the more 
common hLghway problems ,viz: (1) The establishment Q~0a mainten-
ance program and expenditures thereunder; (2) whether to pave or 
treat a road on which the existing surface is of low type; (3) 
the decision as to whether a gravel surface has reached the 
limit of economic use;(4) the determination of the econornw of 
snow remova1;(S) the necessity for special design,or relocation, 
of highways near large cities to accomodate truck traffic of 
high density and great weightj(6) the determination of the 
amount of foreign and tourist traffic,a factor in determin4ng 
road service,and location,and fixing of gasoline tax rates; (7) 
the determination of pavement widthsjand (8) problems of traffic 
regulation and highway safety. 
This list is not exhaustive,but it is clear that with 
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the exception of (2) and (3) all the other problems are closely 
related to highway location,and that the solution of each of the 
problems mentioned is dependent upon a precise knowledge of the 
traffic to be servedjand the theory and mechanics of highway 
location. Incidentally it should also be apparent that a variety 
ot facts concerning the traffic are required for the solution 
of the various problems. 
In planning a traffic survey it is essential,therefore, 
that there shall be a clear understanding of the methods to be 
employed in converting the basic data to the solution of the 
problem - otherwise essential data may not be obtained,and 
much gathered that is later found to be useless. The methods 
employed must be carefully designed to supply a maximum of 
information,of precisely the kind required,at a minimum of 
expense. 
The discussions and recommendations that tollow deal 
only with the data required to assist in determining the need 
for a location or relocation,and to aid the locating engineer 
in visualizing the problems confronting him. For any one int-
erested in other phases of traffic counts they will find much 
data pertaining thereto. I have listed several publications, 
particularly those of the U.S.Bureau of Public Roads,which go 
quite fully into this subject. 
Going further into the matter of a traffic census we 
find that the selection of station locations is affected con-
siderably by the character of the data to be secured and the 
objectives of the survey. If the primary objective is that of 
measuring annual use of various road systems-i.e.,Federal-aid 
routes,U.S.Hlghway routes,State routes,County routes,etc.-
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stations must be so located as to provide a representative 
sample of traffic upon each. If the comparison is between sect-
ions of the State,each section must be assigned a number of sta-
tions sufficiently large to give a fair sample. 
If relocations or reconstruction are to be based upon 
traffic data,stations should be carefully located and with as 
much preliminary knowledge of traffic conditions as possible. 
For example,if two alterna~e routes of different length between 
two cities eXists,one in good condition and one in poor condit-
ion,stations should be placed upon each route and the origin and 
destination of vehicles ascertained • .I.'his will usually disclose 
that improvements or relocation of one of the routes will re-
sult in its exclusive use except for purely local travel. The 
variability in traffic is considerably different in urban and 
rural areas,and stations should be so located as to measure 
these differences accurately. Usually this may be done by desig-
nating as "urbantl those areas within ten miles of the larger 
cities,and considering all other territory as tlrural", 
Key etations are those at which traffic information 
is most important. ~hey are generally located at the intersect-
ions of all main routes,and the information obtained at them 
should be moet complete from the standpOint of the amount and 
detail of the data secured,and from the standpoint,also,of the 
duration of the observations. 
Blanket-count stations are those at which only the 
most important data are taken(viz,number of vehicles)and which 
may be operated by inexperienced personnel. These stations are 
usually operated a smaller number of times and are located upon 
the relatively unimportant routes,or at intermediate pOints 
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between key stations on the main routes where a closer measure 
of variability in traffic density is desired. 
Altho the most common method of making traffic counts 
has been to station a person at some point or location to count 
traffic and record results on a form or tally sheet,it is 
possible,today,to do this with mechanical counters which have 
been very highly developed. Some of these devices operate by 
hand while others are entirely automatic. 
Among these instruments are the electric traffic-flow 
meter which is particularly valuable where flucuations in traffic 
densities are important. A traffic tabulator has been designed 
which records the number of cars passing a given point during 
periodic intervals,and still another electrical recording device 
is one that can be used to count both persons and vehicles 
passing a given pOint. 
It is thus seen that a traffic census is a valuable 
adjunct to the Engineer in charge of Plans and Surveys as it 
gives him a foundation on which to plan his future locations, 
determine what relocations are needed, and gives the Locating 
Engineer a definite idea of the type,density,and direction of 
traff1c the road he is locat1ng must handle. As an example of 
this we find that prior to the building of the New Jersey High-
Level Viaduct,at a cost of $5,200,000 per mile,that an intensive 
study of traffic flow was made(Public Roads.Vol.14,No.12)before 
the final location was determined and field parties sent out. 
It may therefore be taken as axiomatic that no matter 
under whose guidance the organization of motor vehicle operation 
is developed, there remains the present problem of intelligently 
planning highway systems to serve this(motor vehicles)rapidly 
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growing method of transportation. We can also consider that the 
same basic economic and engineering principles of management that 
exert such a controlling influence in the field of private 
business should govern the public business of production in the 
highway field as well. 
Applied to the public business of a State responsible 
for developing a connected system of improved highways to facil-
itate the transportation of people and commodities,the first basic 
principle of production management is that the various sections 
ot a highway system selected for improvement and the type of im-
provement chosen for each section should be based upon the pre-
sent and expected future traffic demands,modified by the various 
physical and economic characteristics which affect the choive 
of specific construction types to be built on the various sect-
ions of a State Highway System. 
The plan of State highway improvement may materially 
alter the economic and social development of a people as a 
whole or any section thereof. The location and improvement or 
lack of improvement of a given route is of great importance not 
only to the traffic of the immediate locality but also to the 
traffic of larger areas. Therefore the development of a system 
of highways should not be judged as miles and types of highways 
constructed each year,but considered in terms of the movement 
of people and goods. The planning and construction of a connect-
ed system of highways deal in fact with the destiny of local-
ities and States,their agricu1ture,their industries,the growth 
of suburban areas adjacent to centers of population,and the 
social activities of a people. This is a tremendous social res-
ponsibility and not merely a problem of physics concerning 
mixtures of material and labor into what we term the modern 
road. 
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Altho costs are not an important item in the factors 
involved in the mechanics of location they must be considered 
from the standpoint of economics as to which of several routes 
will ultimately be chosen after a study of all factors involved, 
and thus have a decided bearing on the probable choice of terr-
ain for the final location of a road. The cost of the actual 
location is a minor item in the constru~tion of a road,but the 
cost of that particular piece of location has a most 1mpo~tant 
bear1ng 1n figuring the cost of a route both from the standpoint 
of the actual financing of construction operations;and the in-
tangible item of costs to traffic figured on a basis of time and 
distance saved and depreciation of the vehicle. Authorities 
differ in the determination of this latter cost and it is not 
mf purpose to go 1nto that item very deeply - suffice to say it 
deserves serious consideration by the locating engineer 1n 
deciding on choice of lines for his final location. 
A first principle of highway economics is that the 
cost of highway transportation, including both roadway and 
vehicle costs,shou1d be the lowest possible consistent with 
adequate service. 
Cost of highway transportation is not necesssarily 
financial costs,but an intrinsic cost that every locating 
engineer,and highway planner,must consider as he does that of 
money. This may be best illustrated by Mr.W.W.Crosby,Const. 
Engr.of Coronado,Calif.,who quotes(Proceedings A.S.C.E.Nov. 
1933)Prof.Char1es B.Breed in discussing the cost of highway 
transportation as pleading for a clear distinction between 
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the cost and the value of transportation. Both factors must be 
properly appraised to determine whether the expense ie justifi-
ed. According to Prof.Breed a highway may be entirely commercial 
or it may serve partly for school transportation and for protect-
ion as well. This latter part being particularly applicable to 
those States having a State Constabulary and Rural Fire Depart-
ments. Quoting Prof.Breed:rtIt may be impossible to express these 
values in money,yet these may be so obviOUS as to carry unani-
mous public approval of a policy involving a road cost well above 
any saving that can be computed in dollars and cents". Thus, 
aooording to this authority, the justification of most large 
highway improvements will not be found entirely in their effect 
on transportation cost,but in their influence on transportation 
va1ues,of which cost is only one element. 
In the March 1934 issue of the Proceedings,of the 
American Society of Civil Engineers,Mr.C.C.Wi1ey,Asco.Prof. of 
Highway Engr.U.of I11.,says that "Highway expenditures are in 
no sense capital investments. They are the direct cash outlay 
by the people for the purchase of a service perhaps as fun-
damental to present oivi1ization as government itself". He adds 
further that "It must be remembered,however,that the cost of a 
road improvement (ino1uding interest on bonds, if any), is aotua11y 
paid out by the people in the form of taxes,whi1e the savings 
accrue later by the reduced costs in the purchase of other 
items incidental to the use of the road ft • 
From the above discussion we see that the element of 
service must be considered jointly with that of cost. We can 
divide the general field of motor-vehicle transportation into 
three major classes of service. First is the local distribution 
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ot commodities and local transportation of people. This serviee 
constitutes in tonnage the bulk of the motor truck movement 
and is primarily the distribution of goode within cities and 
their suburban areas. In passenger transportation the principal 
function is also mass transportation within local areas. 
The second principal class of motor-vehicle service 
supplements existing rail and water service by extension of 
freight and passenger service into areas not served by rail or 
water lines;substitutes motor-vehicle service for rail operation 
of unprofitable branch linesjand provides a combined service in 
conjunction with railroads or boat lines or both. The primary 
function of the motor vehicle in this Joint movement is the 
movement of people or goods in the short haul. 
The third class of motor-vehicle service is the so 
called long-haul transportation. This type of service is not 
important as to quantity of movement nor would it appear econom-
ically sound. However it appears to be increasing in popular 
favor at the present time primarily in the movement of people 
rather than in the movement of commodities. In the later move-
ment long-haul transportation is generally limited to movements 
in which speed of delivery or some special characteristic is 
the prinCipal determining factor. 
Based upon the classification of motor-vehicle serv-
ice In planning for a new,or the improvement of an old,route 
or system the major problem is not one of the particular type 
of materials to use,for class of service for which intended, 
traffic expected and money available determine this;but rather 
whether to build or not,and how much h~way service should be 
furnished a given area. Upon the solution of this problem, 
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proper1y,depends the well-being and progress of a people. Con-
sidering the improvement of highways from this point of view 
there can be no question concerning the necessity of developing 
sound plans for highway improvement over a period of years in 
each State,and of providing the necessary money to carry out 
economically the proposed plan of improvement. Based on personal 
observation I favor,once the plan has been lmproved,the lmmed-
late start of preliminary surveys for the purpose of decidlng 
upon future permanent locations,cost studies,and the securing 
of Right of Way,or options on Right of Way,in order to avoid 
bad alignment in the future due to prohibitlve cost of , or 
failure to secure, the necessary Right of Way. This is partic-
ularly applicable to routes leading into or by-passing large 
centers of population,and whenever funds and personnel van be 
secured it should be undertaken rather than wait until con-
struction is ready to start on the proposed improvement. The 
advisability of this can readlly be seen by observing the 
present narrow and winding routes thru our cities. 
The principal classes of highway improvement are: 
(1) New Construction; (2) stage constructionj(3) reconstruction; 
(4)building,or widening,of bridges and culverts; (5)highway and 
railroad grade separations; (6)widening of present highways;and 
(7) methods of guiding and safeguarding traffic. It is apparent 
that before any of the seven classes of improvements can be 
undertaken the Locating Engineer must first decide upon the 
location and furnish all necessary surveys and information inci-
dental thereto, before these improvements can get under way. A 
clear understanding of the economics involved plus a thorough 
grounding in the basic principles underlying Highway Location 
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are essential,here also, before the success of the improvements 
can be assured. 
It is well at this time to bear in mind the following 
classifications of roads as given by the American Association 
of State Highway Officials,viz (1) Primary Roads,comprising the 
Federal and State Systems; (2) Secondary Roads,the principal 
county trunk highways,or State-Aid Highways;and(3) Third-class 
roads,the purely local township roads. To these should be added 
city and town streets. It is also well to bear in mind that the 
parties that would be benefited by the completion of a State 
Highway System are: (1) The United States, (2) The State, (3) The 
local communities, (4) Real Estate,and (5) Ihe road users. 
The above furnishes the locating engineer with the 
facts upon which to base a decision when he is confronted with 
the question of sacrificing a location for ability to secure 
right of way. 
In any discussion of the economics of location the 
factor of cost is paramount and,as noted before,may be sum-
marized as the cost of transportation when the question of a 
plan or new improvement is contemplated,and as a definite finan-
cial outlay which must be kept at the minimum consistent with 
sound engineering,safety and cost of transportation,when the 
actual location,on the ground,is being made. 
The cost of transportation consists of two elements: 
the road cost and the vehicle cost. While certain types of 
improvement may actually increase the annual road cost, they 
decrease the annual vehicle operating costs sufficiently to more 
than offset the increaded road costs. The net result is trans-
portation for the traffic known to use the highway,at a cost ::c 
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less than that incurred before the expenditure for the highway 
improvement. 
To place the above on a mathematical basis Dean Thomas 
R.Agg in the September 1933 Proceedings A.S.C.E. gives the fol-
lowing expressions: 
(1) Highway transportation costs=(H~way Costs)+(Vehicle Costs) 
Comparative 
cost of high- (Highway) (Cost of l (Contribut-) 
way transport- (costs per) (vehicle (ion by ) 
ation per vehicle- =(vehicle- )+(operation -(vehicle to) 
mile on a specified (mile to ) (per mile ) (road funds) 




(Interest) (Annual ) (Annual ) (Annuity ) 
(on the ) (cost of ) (admin1s-) (for de- ) 
= (invest- )+(routine )+(tration )+(prec1at-)+ 
(ment ) (mainten-) (costs ) (ion ) 
(Annu i ty for ) 
(periodic ) 
(repairs at ) + 
(intervals of) 
( n' years ) 
(ance ) 




( n t t years ) 
+ •••••••••• 
As a result of such studles the Ohio Department of 
Highways (Engr.News-Record,Vol.112,No.10,March 8,1934)relocated 
1.457 mlles of road, and built a viaduct 1,118 feet long,at an 
expendlture of approxlmately $306,000 on the Cumberland Road 
near St.Clairsville,Ohl0. This relocatlon has ten curves with 
a total curvature of 226 deg.and a minimum radius of curve of 
520.78 ft.or 11 deg. The old road had 21 curves with a total 
curvature of 1196 deg.and radii vary1ng from 53.71 to 143.24 
feet. Little was saved in maximum grade(7.88 per cent old, 
7.36 per cent new)but length was reduced 670 feet. 
Very elaborate studies were carried out prior to the 
location of the New Jersey High-Level Viaduct,previously ment-
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ioned,to determ1ne the economieseffects of 1ts location. In 
d1scuss1ng this viaduct Mr.Fred Lav1s,Construct1on Eng1neer of 
New York City,says that "there are two e1ements,or two major 
types,of design in a project of th1s nature: (1) The des1gn of 
the route;and (2) the des1gn of the structure which carries the 
route". It 1s the former that we are pr1marily 1nterested in. 
In their stud1es of the economics of the problem 
the New Jersey engineers show the capitalized value of delays 
due to openings of draw br1dges,on the old route,as #12,215,600 
valuing the vehicles at 2 cents per car minute. The traff1c 
being 18,360,000 cars per annum. Based on this volumne of 
trafficstud1es were also made on the sav1ngs resulting from 
the sav1ng 1n distance and reduct10n 1n grades. 
The stud1es(Transact10ns A.S.C.E. Vol.95,1931)show 
thatfrom a comparison of operat1ng costs obtained from various 
sources,and for the 1tems affected,namely,deprec1ationjfue1; 
lubricants;tires;repairs;and miscellaneous a fair average 
cost of operat1on for the traffic expected to use this high-
way to be 2.18 cents per 1000 feet. Assum1ng the 18,360,000 
vehicles w1ll use the new h1ghway annually,the decreased 
operat1ng costs,due to shortened d1stance of 1000 feet, will 
be $400,248 per annum,which,cap1ta1ized at 6%,1ndicates that 
the sum of $6,670,000 could prof1tably be spent to save that 
d1stance. 
From experiments made at Iowa State College 1nd1-
cating that the work done b,y a motor veh1cle to ra1se a 
weight to a he1ght of one foot 1s approximately equal to the 
force required to propel the same we18ht over a level distance 
of 50 feet on good pavement;the New Jersey eng1neers found 
20 
that they could determine the savings resulting from a reduct-
ion in grade. 
Taking the data previously used,it will be found that, 
for the average car on good pavement,the cost of producing 
power only,that is,fuel and oil,is approximately 3.22 cents per 
mile,or about 0.03 cents for 50 feet. Therefore this was assum-
ed to be the cost of raising the average car one foot. Based on 
the traffic of 18,360,000 cars per annum, the cost of one foot 
of rise and fall at the rate of 0.03 cents per car is approx-
imately $5,508,which,capitalized at 6%,represents a value of 
$91,800 as the amount which could profitab~ be expended to 
limit one foot of rise and fall. 
No experiments were made on the money savings of 
a reduction in curvature. However,for highways with sharp 
curvature,where visibility is reduced,or conditions exist which 
slow up traffic,there wl1l be costs due to delays and,in case 
of maximum traffic demand, costs due to decreased capacity of 
the highway to carry traffic. 
It has been said that the New Jersey High-Level 
Viaduct and the studies made for this project are the found-
ations on which future "express tf highways wlll be designed • .L\.e_ 
gardless of this fact it shows what must be done to solve the 
problems of locating roads leading into,and contiguous to, 
large centers of population. 
In deallng with the subject of economics one other 
factor of vital importance ls rarely stressed or thought of by 
the average Locating Engineer - that is the factor of safety on 
our highways. The average person who gives this matter any 
thought usually considers lt a problem for the police or traffic 
FIG.II 
View of Blind Curve on the 







patrol to solve and as far as the highway engineer is concerned 
his responsibility ends with the placing of warning signs and 
seeing to their proper maintenance. 
Too little emphasis is given to the part that safety 
should have in the location of highways. Mr.B.P .Harrison,AssO-
ciate Highway Engineer of the U.S.Bureau of Public Roads,Wash-
ington,D.C.,in discussing highway location in the Proceedings 
of the American Society of Civil Engineers asks "Should not the 
engineer feel some responsibility for the lives lost due to a 
faulty location?~ 
Something must be done to reduce the toll of human 
lives taken daily by automobile accidents. It is obviously true 
that our roads are crowded with poor drivers,that the tendency 
of the day is for increased speed - which is answered by the 
States increasing the legal speed limits,and by the manufact-
urers building,and advertising,their cars for speed. 
Is the engineer,however,d.oing his part by insisting 
upon proper locations? A study of Figs .II,III, and IV forces 
one to the conclusion that little if any thought is given to 
safety in loca ting a road. Econo~ and Right of Way difficul-
ties have played to great a part in past loca tions ,and probably 
explains the winding road shown in Fig. IV which could easily 
have been a long tangent,as a study of the ground and the 
photograph will show. 
The engineer responsible for highway loca tions 
should spend a little more money,based on sound economic and 
engineering principles,to make the highway "fool-proof"by 
ignoring local and political pressure and givi~~ his attention 
to the elimination of grade crossings,proper location of bridges, 
FIG. III 
An Underpass Between 
Crawford and Union Point 
Georgia. 
and adequate sight distance for both vertical and horizontal 
curves. The Locating Engineer has a wonderful opportunity if 
he will but take advantage of it. 
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The Locating Party should not be handicapped by 
having to consider right-of-way with respect to the location. 
The road should be properly located without conSidering right-
of-waY,except in those isolated cases where a slight shift in 
the alignment will not materially effect the location,but will 
prove of material benefit to t he- property owner. Where trouble 
may be experienced in securing right-of-way a well established, 
and well trained,legal department should be available to handle 




GENERAL OONS IDERAT IONS 
In undertaking the actual location of a road,or in any 
discussion involving a location,the ONE thing to be borne in 
mind at all times is that: THE ONLY PERMANENT FEATURE OF A 
ROAD IS ITS LOOATION. In this one sentence may be summed up the 
principles of highway location, and upon this axiom only can the 
success of a location be measured. 
Mr.Charles S.Hill,Associate Editor of Engineering 
News-Record,writing on modern roads in a recent issue (Vol.lll, 
No.24,Dec.14,1933)of his publication makes the following state-
ment:"Except right-of-waY,line and grade are the only road 
elements for which permanency can be insured in the orig inal 
design. All other elements - roadbed,surfacing,ditches and slopes,-
~ 
can be given only limited. life. In the modern road,therefore, 
design is directed to line and grade that will be final. This 
may be stated as the first principle of practice. Comp l iance 
with it is dilegently striven for in the best recent line and 
grade design." 
That Engineers realize this fact can be best illustra -
ted by quoting Mr.Fred Lavis,President of the Internationa l 
Railways of Central America,who,writing in the August 1930 
Proceedings American Soc iety Civil Engineers , says that: "'There 
has developed,however,in recent years a demand for a new type 
of road - a road more nearly analogous to t he r a ilroad;laid out 
on an entirely new right-of-way and designed and built primarily 
to meet a demand for transportation. Such roads must necessarily 
be designed from the pOint of view of their users r a ther than 
that of owners of abutting property." 
Mr.Lavis than goes on to say that "The design and 
FIG. IV 
Winding Road Between Kings Mountain 
and Gastonia, N. C. on U. s. 29., 
-- .. .-:' 
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construction of this more modern road are based primarily on the 
needs of a large volume of intensely mobile traffic which desi-
res to move from one place to another with the least resistance 
compatible with the physical conditions of the territory thru 
which it must pass . It is a development of modern transportat-
ion which must be recognized and provided for". 
In an article on Highway Financing (Proceedings A.S.C.E. 
Feb.1932) Mr. J.C.Carpenter says: "The necessity for careful and 
extensive planning of location for highways is much more obvious 
than ever before. In issuing bonds for highways it has been 
considered sound to assume that the location,grading,and drain-
age structures are permanent features,but numerous instances are 
found in which modern traffic demands locations which mean the 
abandonment of considerable sections of these old roads. The 
planning cannot stop at county lines,but must be extended to 
develop locations which will not be subject to change". 
That Georgia,in the past,has given too little thought 
to permanency in location is self evident as one rides thru the 
state. It is brought sharply to mind by the following comment 
carried in the exchange column on the editorial page of a 
recent i ssue of the Atlanta Journal. This comment copied from 
the Oglethorpe Echo of LeXington, Georgia says: "After having 
taken a ride from Lawrenceville to Atlanta last week we are of 
the opinion that more good might be done autoists by stlra ighten-
ing out curves than in building new highways. A safe estimate 
is that around a million dollars a year could be saved in 
gasoline and tires,to say nothing of time,by eliminating curves 
on that stretch of highway". This road like many others was 
paved on the old roadbed without a paving survey being made or 
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any additional grading being undertaken,in the county's eager-
ness to have a paved road. This took place in the early days of 
the State Highway Department before it could demand and insist 
upon satisfactory surveys being made and adequate right of way 
secured. ,Yet the lesson has not been learned by many of our so-
called Locating Engineers for they still follow the line of least 
resistance by locating along present alignment,rather than strike 
out on a new and preferable looation. 
In considering the actual location: Direct line and 
low grades are essential. Their realization may be only a task 
of rectification as the modern main road is fixed as to direct-
ion and general alignment where a road already exists. Accord-
ing to,the article by,Mr.Hill there are few instances where com-
plete departure from an established travel thoroughfare is allow-
able or economically justified. He gives as his main reasons 
for this statement that: " (1) A real investment exists in the old 
road right of waY,cuts and fills,roadbed materials and drainage 
structures,on which little can be realized if the road is aban-
doned;(2) the owners along the road have a vested right not to 
have the main road taken away from them;and (3) only exceptional 
traffic demands warrant investment in a completely new road. 
I can agree with the statement of F~.Hill if a study 
based on the principles heretofore brought out are adhered to, 
and a preliminary surveyor reconnaisance shows the advisability 
of following the present alignment and easing grades and curva-
ture. If this be stated as a general principle I must take issue 
with h~.Hill for (1) the right of way,cuts and fills,can be 
turned over to the county as part of its local rural system and 
thus the investment will be retained,and in those cases where 
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complete abandonment takes place the investment will be com-
paratively negligible when compared wit~ the transportation 
costs of the old and new locations. The drainage structures in 
most cases will have to be rebuilt on the new alignment,or where 
of a high type originally,they will have to be widened. It is 
not frequent that a loss will result from such abandonment,but 
in cases where large strcutures are involved this must be given 
serious consideration and study. (2) a.s mentioned previously 
the rights of abutting property owners must be considered secon-
dary to the public welfare,as attested by several recent decis-
ions of the Georgia Supreme Court - notably that involving the 
"Peach Orchard Route"between Augusta and Waynesboro - wherein 
the right of the State Highway Board to abandon an existing 
route and construct an entirely new road was upheld;and (3) 
where traffic warrants a relocation of an existing route it will 
warrant a new road if a reconnaisance shows a more direct and 
"an easily constructed route. In all cases practice sets no 
standards - each road is considered a separate problem, and the 
solution is individual to that road. 
System requirements enter into consideration, but they 
have more relationship to the classification of roads for im-
provement than to the solution of the problem of the individual 
road line and grade. This problem involves (a) engineering 
economics and (b) safety of travel. Both are vital factors in 
rectification practice as well as in new locations. 
I have in mind three locations on the Georgia Highway 
system which will illustrate ~ contentions in reference to 
Mr.Hills statement. All three of these are entirely new locations 
rather than relocations,had Mr.Hills principles been observed, 
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which in this case would have followed the lines of least resis-
tance inasmuch as powerfull pressure was brought to bear to 
retain the then existing routes. 
The first of these locations was the Greensboro-Sparta 
Road,State Route 15,where the old road via Harris Mill and Veazy 
was abandoned for a more direct route thru White Plains and 
Mount Zion. The new route saved distance,had easier grades and 
superior alignment,fewer large drainage structures and entered 
Sparta on an existing bridge over the Georgia Railroad ,thereby 
eliminating the necessity of an expensive and poor grade cross-
ingproject. Both routes served approximately an equal number of 
people,with the new route serving the larger communities. The 
existing route would have involved some very heavy rock cuts 
which were missed by the new location. 
The second location was that from Waynesboro to 
Augusta,State Route 21,better known as the flPeach Orchard Route" 
during the lengthy court battle in which it was involved. This 
location almost split the difference between the existing route, 
which could have been easily,and was later, improved for paving, 
and a local road slightly shorter than the first but more expen-
sive to improve. These two routes were discarded f or an entirely 
new route,which had to be constructed,because it saved several 
miles of distance,a great consideration when paving is involved, 
had straighter alignment,easier grades and curves and fewer 
drainage structures than either of the other routes. Altho the 
existing route had fine concrete bridges that could be easily , 
widened,in most instances the other factors outweighed this 
very i mportant item of cost. The new road served fewer people 
than the other two,but more than either of the others taken sep-
FIG.V 
An example of good alignment . 
on At~anta - Athens Road 
Georgia Route 8 (U.8.29) 
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arately since connecting roads made it easily access ible to 
people living anywhere along the other two routes. No t angent 
over a mile or two in length could be secured on either of the 
other roads, "hereae on the new road approximately a 14 mile tan-
gent was obtained. The grades were more moderate,and it crossed 
Brier Creek Swamp, illustrated by Fig .l, at the narrowest point. 
It also eliminated a grade crossing on the existing route ,a,nd 
utilized several miles of an excellent existing county road. 
The third location,illustrated by Fig . V,is on the 
Athens - Atlanta Road,State Route 8(U.S.29),between Bogart and 
Lawrenceville. Between Bogart and Winder much of the then exist-
ing road was utilized,but between Winder and Lawrenceville an 
entirely new location was made. The new location was on the 
South side of the Seaboard Air Line Railway,and discarded all of 
the then existing road on the North side of the railroad. As in 
the two cases previously mentioned the old road was not aban-
doned but was turned back to the respective counties a s a local 
road to serve purely local traffic. This location saved,as I 
recall,about 4 mil es of distance, tho serving fewer people a long 
the territory traversed at the time of its construction, and had 
much easier grades and vastly improved curvature than did the 
old road. It also eliminated about 4 railroad crossings. 
The decision to abandon these old routes were made by 
the Locating Engineer only after a thorough reconnaisance and 
study of the area between the control points of his survey,and 
after a proper consideration of the e conomics involved,a know-
ledge of future traffic possibilities,and the permanency of the 
locations in question. This Engineer realized that State High-
ways should be located fo r present and anticipated traffic 
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requirements so that - whether he be tourist,business man,or 
farmer - the user of the highway can proceed along his route and 
accomplish his purpose or his duty or receive his pleasure or 
culture with ease,directness,safety,and econo~. Any plan or 
system which does not take these features into account is run-
ning contrary to sount public policy . As a testimonial to the 
ability of this Engineer stand the Supreme Court decisions in 
each case and the completed road itself serves as his best 
testimonial . 
Due to e ight-of-way difficulties it has not always 
been possible t o compl y wi th the above statement of policy,but 
with the adoption of plans whereby the revenue for State high-
ways comes f rom St a te sources,the solution of this problem be-
(l ,:, :- .- ~ .. - Yl 
comes easier and the tldog will begin to wag the 'tail"instead of 
the contrary,which has been the case in many highway locations . 
Each State Highway Department has an organization for 
location . According to the U. S.Bureau of Public Roads there is 
no set organization,at the present time,that can be mentioned 
as· representing all States since the set up in each varies . The 
usual organization,however,is one wherein an Engineer,which I 
will call the Engineer of Plans and Surveys,has direct charge 
of all Locating Parties-he being responsible to the Chief or 
State Highway Engineer . I n Georgia there are severa.l parties in 
each of the three Divisions reporting to and responsible to the 
the Division Engineer. They are coordinated only thru an 
ASSistant Highway Engineer in charge of Surveys and Construction 
who supervises their work . This is not the ideal system as it 
lacks the coordination and supervis i on of a centralized system 
wherby all locating parties worked out of , and were directly 
FIG.VI 
View of Widening Operations On U.S. Route 1 
Between Wahington and Richmond,Va. 
Showing present blind curve with newly graded 
roadway on continuation of old tangent. 
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responsible to one man in, the General Office. This centralized 
system affords the means or determining a plan then coordinating 
all surveys to fit in with that plan. Very frequently in Georgia 
a survey is stopped at the county or division line without 
thought tOtor effort to s~cure,a proper tie in on the other side 
of the line. This is particularly bad where the boundary happens 
to be a large stream. 
Some states have very elaborate Right-of-Way and 
Legal Departments working in coordination with the Engineer in 
Charge of Surveys. In all cases it can be stated that the idea.l 
set up is a responsible head in the Central Office who has direct 
charge and super vision of all field parties. The Locating 
Engineers are directly under him and before they are ordered to 
survey a route,he has first completed a study to see how the 
proposed location fits into the master p1an,and is aware of any 
disputes regarding which localities the survey should go by ; so 
that when instructions are given the Locating Engineer he is 
also given free rein to make the best po ssible location between 
the Control Points fixed by the Central Office. 
Before issuing instructions to the field. parties a 
study of each project should be made in the light of the recom-
mendations of the Committee on Highway Location of the American 
Road Builders Aesociation. In the light of the studies and 
discussions carried out by this committee,they stress the im-
portance of careful study by competent engineers of all high-
way locations: 
First: To promote safety to the traveling public. 
Second: To ascertain the most economical route to build 
and maintain. 
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Third: To secure permanence for the road in order that 
future improvements,such as widening,beautification,and real 
estate development,may be intelligently undertaken and carried 
on. 
Fourth: To coordinate the location of township ,county ,city , 
state,and national hlghways,thus preventing confusion or dupli-
cation of work. 
Fifth: To satisfy the growing demand of the public that 
highway funds should be spent only upon locations consistent 
with future traffic needs. 
It is further recommended that in all such studies 
the surveys which may be under consideration should be recon~ 
ciled with the following major requirements: 
1.Geographical direction. 
2.Cost of constructing roadbed. 
3.Cost of drainage structures. 
4.Relative cost of maintenance. 
5.Cost of securing right of way. 
6.Service to through traffic. 
7.Connections to intermediate towne. 
S.Elimination of railroad crossings. 
9.The use of existing road. 
IO.Local sentiment. 
11.General appearance. 
In order to issue instructions to the Locating Engin-
eers so that he will be able to proceed without delay on a 
location,and be informed of the requirements to be met he must 
know any restrictions placed on the location - for on all high-
way projects there are administrative controls or restrictions 
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which determine at least the general location of the project,or 
the route of which it is a part. Thus the termini of the project 
are predetermined and the intermediate location mayor may not 
be fixed. These restrictions will occur under the following 
classifications: 
1. Major control points of the Federal Aid System determi-
ned by the Secretary of Agriculture and the State Highway Depart-
ments and subject to modification by joint action. 
2. State highways and control points designated by State 
Highway Commissions under legislative authority. 
3. Control points for State highways fixed by legislation. 
4. County or road district bond issues used for a part of 
the construction cost may require a definite location to be 
followed. 
Under conditions I and 2 there are opportunities for 
a general engineering study before the controls are specified 
and al so for a revision of controls based on further engineer-
ing investigations. Condition 3 mayor may not be based on 
eng1neering investigations,or it may permit some departure from 
the established route at the direction of the State Highway 
Commission. Condition 4 presents the greatest difficulty be-
cause frequently,where local funds are contributed,the detailed 
location is fixed primarily to serve local wishes. This latter 
system of financing has been responsible for most of the un-
satisfactory locations in the South and Southwest since 1914. 
Where it is necessary to continue this system of financing in 
fairness to all parties concerned,the location should be determ-
ined in advance of the local arrangements for financing. 
Even under conditions l,2,and 3 there is too great a 
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tendency to follow existing lines of improvement with relatively 
unimportant control points established; under condition4 this 
tendency often reaches the point of affecting the details of 
location. Regardless of how these conditions are imposed they 
may in effect restrict the work of the locating engineer to 
mere details of design. Administratively,controls are necessary 
and should be general in character and limited to the following 
conditions: 
(a) A town or city on or near the general line of the route 
between adjacent control pOints of the route. 
(b) A town or city of sufficient importance to be a termi-
nal pOint for the traffic passing between the adjacent controls. 
(c) A junction point,preferably near a town or city,of 
several highways for the distribution of traffic. 
(d) Topographical features based on engineering investiga-
tions. 
Within the limitations established as controls the 
engineer should determine,as far as practicable,upon an economic 
location,considering at their relative weights both through and 
local traffic. This selection will be the line which will pro-
vide the long-run least cost, including construction,maintenance, 
and traffic operations. The shortest line will usually be the 
economic location for the reason that practically all items of 
cost,except earthwork and structures,vary directly with the 
length of the line. In a country of broken topography the cost 
of earthwork and structures may be much less on the longer line, 
but the other items of construction,and of maintenace and 
operation, will usually determine the location. Local 'traffic 
can generally be served more cheaply by lateral spurs from the 
main line than by attempting to give direct service. 
One of the usual problems facing the engineer is to 
determine whether or not to swing the main line from its direct 
course in order to give highway service to an intermediate pOint, 
such as a small town or community. Theoretically,the problem can 
be solved by estimating the cost of construction,maintenace,and 
operation for each of the two possible layouts ;that is,the cost 
of the main line direct with a lateral spur and cost of main 
line on the indirect location thru the intermediate point. This 
will require the Locating Engineer to make a survey of both 
routes,reporting on same,and leaving final de cision to the Gen-
eral Office - tho frequently this decision is left to the Engin--
eers own judgement,provided local politics do not intervene. 
A similar problem is that of combining two or three 
highways for some distance out from a city in order to reduce 
construction mileage. While economically desirable,this fre-
quently involves the questionable practice of encourag ing 
traffic congestion at junctions and terminals - a fact most fre-
quently overlooked by the Engineer as well as the layman. 
In working out the detailed location further economies 
can be made by taking advantage of topographic conditions,soils, 
available local material,or railroad facilities for importing 
materials(As will be noted later,the Survey Party should note 
all available local material and railroad facilities in the top-
ographic nptes). According to Mr .A. R.Losh,in Vol.96 of the 
Transactions A. S.C. E.,approximately 4000 tons of material are 
required per mile of 18 ft. concrete pavement . An increased dead 
haul of one mile will increase the cost of the road about $1000 
per mile. In addltlon,there will also be the cost of moving 
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construction equipment on and off the job as well as the cost 
of hauling structural materials. The use of long radius curves 
reduces the total length of line and the amount of surface 
widening. For a change in direction of 90 degs.,a curve of 
1000 ft.radius gives a line 214 feet shorter than a 500-ft.rad-
ius. To widen the curve of 500-ft.radius would require about 
938 square yards of additional pavement . 
Topographical conditions affect the details of locat-
ion and,in some instances,are major control factors. All soils 
which are unsuitable for subgrades,are to be avoided if practi-
cable. Overflow sections require high embankments with costly 
structures,and,for this reason,valley locations are frequently 
undesirable. Stream crossings must be selected with the view of 
reasonable permanency of the banks,suitable foundations ,and re-
quired span lengths,and they must be within the general location. 
Grades and curves adjacent to bridges should be reduced to the 
minimum;and it is desirable to have a tangent of at least 150-
feet and a light or flat grade at each end of a major structure. 
These conditions permit the driver to adjust his 
machine into the bridge alignment. In the past,grades have 
probably received more consideration than other features-altho 
there are numerous instances of a grade breaking at a bridge 
without a vertical curve between-due no doubt to the fact that 
in the past vehicles could not easily negotiate a steep grade, 
and were not built for speed. Considering the motor vehicles 
now in use some sacrifice of grade can be made to improve the 
alignment. Short grades as steep as 8% can be climbed readily 
by modern motor vehicles, but continuous grades of more than 6% 
are objectionable. Tangent profile grades are not particularly 
FIG. VII 
View o.f Richmond - Washington 
Highway (U.S.l) in Virginia. 
Showing new line graded as 
continuation of present tangent, 
to eliminate bad curvature. Note 
newly widened,and paved,lane on 
left side of present pavement. 
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advantageous,due to the headlight glare,and do not justify in-
creased expense,. A rolling profile fitting the topography is less 
bbjectionable for nite driving. Table 4 shows the recommended 
minimum requirements for grade and curvature. 
Grade separations at railroad intersections are 
particularly desirable,but not always possible financially. When 
grade crossings are adopted the line should be located so that 
future separations can be developed, and in all cas,es approach 
curves and grades should not restrict sight distance. 
Restricted areas in and near cities are frequent 
obstructions to direct highway location. This includes parks,golf 
courses,institutional reservations~cemeteries,railroad yards and 
airports. Generally,it is impracticable to pass thru these areas 
and the location must be carried around them. This is also true 
of cemeteries wherever found. The location should give access to 
railroads and airports, but should be sufficiently removed to 
permit of full operation of all facilities without congestion. 
Location along a railroad is usually adopted because 
good alignment is obtainable and right-or-way is easily secured. 
It has the disadvantage of industrial spur tracks being constr-
ucted across the highway,of the necessity for following rail-
road curvature to a great extent,and of permitting development 
on only one side of the highway whereas if removed a quarter mile 
or more from the railroad,property on both sides of the highway 
would develop. 
One of the major problems confronting the engineer is 
to provide suitable locations,into,through,and around towns and 
cities. It is necessary to provide suitable connections into the 
street system of the city. It is also highly desirable to have a 
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direct through connectlon,even if it may be congested by city 
traffic,in order to take care of through traffic making a tempo-
rary stop in the city. Modern practice is to construct a belt 
line,or by-pass location,for the through traffic to avoid the 
city congestion in reaching its destination and to permit the 
sorting or segregation of traffic for different localities. 
The desirable condition for the urban approach, accord-
ing to Mr.A.R.Losh,would be connections which would permit the 
distribution of traffic to: 
(a) The retail section. 
(b) The wholesale and industrial sections. 
(c) Railroads and airports. 
(d) The several residential sections;and 
(e) To other highways by direct connections,outside the 
city proper. 
Many town and city officials believe that the highway 
should be cons idered as a continuation of "Main Street It out in-
to the country and that it should be carried thru the principal 
thoroughfares of the city. This is especially true of cities of 
less than 10,000 population and the smaller the municipality the 
more insistent it ie,as a rule,that the highway pass thru the 
main streets. The larger cities have their local traffic probl-
ems and as a rule are glad to secure anw relief possible by 
routing traffic over outlying streets or thru the suburbs. In a 
great many cities,however,highways are taken directly thru retail 
sections where the streets are congested with street cars,auto-
moblles,and pedestrians. There are numerous street intersections, 
sharp curves,grade crossings,congestion due to parking and, 
haphazardly placed traffic lights,as Atlanta for example,ln 
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addition to other hazards of city traffic. The through traffic 
is delayed and local traffic congestion is increased with possi-
bilities of accidents multiplied . Too many towns and cities are 
placing restrictions on through traffic by meads of speed ordin-
ances,stop signs ,signals ,and other regulations. 
These measures in most cases .are necessary for the lo-
cal traffic,but the through traffic can operate better without 
them and outside of the city. That these facts are becoming more 
evident to our Southern highway officials and the public can be 
best illustrated by mentioning the fact that North Carolina has 
followed the precedent ·set by several large Northern and Western 
States,by building by-pass roads around its larger cities. While 
Georgia is not building any actual by-pass roads it is avoiding 
the center of the town and building its newer roads on the out-
skirts of the communities it formerly went thru. 
The development of proper approaches to cities, with 
arterial routes for traffic to and from the city and belt lines 
for traffic distribution, r equires the cooperation of State,County, 
and MUnicipal authorities. It also requires a careful traffic 
study and analysis,upon which to base present and future plans 
for improvement. An outstanding example of this character of work 
is the "Plan of Highway Improvement in the Cleveland Regional 
Are~n. As a result of this survey the City of Cleveland and its 
contiguous territory have developed a plan of major road and street 
improvements for ten years ahead and may proceed with individual 
projects,knowing their final position in the broader plan. 
In a report regarding street and highways in and near 
Metropolitan Chicago the Western Society of Engineers states that 
political pressure has determined the location of too great a 
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mileage of highway improvement,and the Society ie driving toward 
the end of getting lOO%,instead of 70 to 80%,of the surfaces laid 
where they will serve beet. 
FIG.VIII 
View of U.S.l between Washington 
and Richmond. Showl.ng typ i cal 
widening of present pavement in 
Virginia. Note bottleneck caused by 
narrow bridge in the background . 
The trusses in left background 
are the R.F.& P.Railroad Bridge . 
GENERAL REQUIREMENTS 
The requirements of the U.S.Bureau of Public Roads 
for the Federal-aid road system are generally followed thruout 
by the majority of the State Highway Departments. The Bureau 
classif ies roads as Class "A It, liB" , or tiC It depending on the number 
of vehicles per day using the road. Thus: 
Class "A" = 1000 up to 5000 vehicles per day. 
Class "B" = 500 up to 1000 II "II 
Class "c" = less than 500 
and above 5000 is classified as a Super-Highway or Boulevard. 
Table 4 gives a summary of the American Road Builders 
Association suggested minimum requirements for surveys for var-
ious classes of roads in different types of country. 
Tables 2 and 3 show the charts used by the Georgia 
Highway Department for determining the required sight distance 
for Vertical and Horizontal , Curves. 
In discussing the question of alignment Department 
Bulletin #1486,of the Bureau of Public Roads,says: "No fixed 
rules can be laid down, but the following pOints of merit and dis-
advantage may prove of assistance in studying a~ individual 
location problem". It then lists the desirable features in 
a'lignment as follows: 
"Maximum lengths of unbroken tangents. 
Maximum possible clear sight distance around hill points. 
Balanced earthwork quantities (cut and fill). 
Minimum amount of overhaul. 
Location thru material easily and cheaply handled. 
Minimum amount of rise and fall in grade line. 
Easy horizontal curvature. 1t 
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Among the undesirable features in 'alignment are listed 
the following: 
"Location resulting in through cuts which are apt to drift 
full of snow in winter. 
Location along sidehills of 8hift~ng or sliding material 
or along seepy or wet hillsides. 
Location over swampy or seepy material,or over ground where 
natural drainage is difficult or uncertain. 
Location on sidehills having a northern exposure,since 
they are apt to be wet a greater portion of the time. 
Adverse grade. 
Sharp Breaks in grade. 
Blind curves or restricted sight distance. 
Reverse curvature (on account of difficulty of superelevation) 
'BrOken-backs' or two curves in the same direction with a 
short connecting tangent." 
In speaking of curves and alignment }~.H. W.Griffint 
Field Engineer of the New Jersey Highway Department, says: "Where 
necessary to have a curve near a summit it should be located if 
possible so as to extend for some distance on both sides. Where 
vertical curves are coincident with horizontal curves on summits, 
pleasing alignment is obtained." 
I 
The older practice of placing changes in alignment. 
at the top of hills has been discontinued. It is considered a 
hazard to traffic. Other conditions being equal,curves should 
be placed where they can be seen readily by the approaching 
driver. 
In discussing the various minimum requirements the 
March 1929 (Vo1.10, No.l) issue of Public Roads,the publication 

of the U.S. Bureau of Public Roads,has the following comments 
to make regarding the subjects listed: 
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Sight Distance: "The increase in volume and speed of traffic 
has made necessary greater sight distances on both horizontal 
and vertical curves. It is desirable to maintain a sight distance 
of at least SOO-feet,but this may not always be feasible on 
mountain roads." 
Grades: "On main-line highways it is customary to adopt a 
maximum grade of S% in gently rolling country and 7% in rough 
country,but it is no longer considered good practice to resort 
to sharp curvature in order to avoid grades somewhat steeper 
than 7%. If local conditions permit either a 7% grade with a 
sharp curve or a short 9% grade with a wider curve,the latter 
design is thought to be the better practice because it is safer 
for modern motor traffic." 
Curvature: "No general rule can be given for determining 
the minimum radius of horizontal curvature. In mountain location 
curves of lOO-feet radius are sometimes necessary,whereas in the 
flatter sections of the country curves of lOOO-feet radius are 
the prevailing practice. The predominating minimum radius of 
curvature on Federal-aid projects has been about SOO-feet . " 
Compound and reverse curves,frequently used i n t he 
past , are now recognized as being extremely dangerous for present 
day traffic. Where a reverse curve must be used a tangent sect-
ion not less than 200-feet long,between the curves,will permit 
proper transition with superelevation and widening. Georg ia 
requires the minimum tangent distance between curves to be 
200-feet,and where the degree of curvature is SO or more the 
tangent should be 300-feet. They require whenever practicable 
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that the degree of curve be in whole numbers,as 30 or 5°,to 
avoid interpolation in widening and superelevation . 
However in its instructions to Resident and Locating 
Engi neers the Georgia Highway Department does not specify grades 
leaving each individual case to be handled on its merits . On 
the other hand .South Carolina in its "Instructions to Locating 
Engineers " (1923) specifies that no grade in excess of 5% and 
no curve sharper than a l20 curve shall be used on main highways, 
except with the consent of the State Highway Engineer. 
The present requirements of the Georgia Highway Depart-
ment for vertical curves,which are based on a minimum sight dist-
ance of 500-feet,assuming the eye to be 5-feet above the road 
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The question of culvert location can be touched upon 
briefly,inasmuch as bridge location is treated separately,by 
stating that adequate vert i cal and horizontal clearance is 
essential . Location over swampy or soft foundation material;be-
Iowa sharp bend or kink in the general stream alignment;at point 
of rapid fall or where stream may be diverted from its natural 
course during freshets;and skew crossings should be avoided . 
Each individual problem must,of course,be treated 
. individually and solved on its merits . The locating engineer 
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should run out and list all drainage areas With hie recommenda-
tions for each. Table 5 is a chart in use by the Georgia Highway 
Department which gives the area of opening required for various 




View of U.S.1 between Washington and Richmond. 
Showing relocation in Virginia preparatory to 
widening present 18'pavement to permit 3 lanes 
cjf traffic by widening on one side where the 
align ent is satisfactory. All blind and hazard-
ous curves were improved by short relocations 





. The Survey Party generally consists of the Locating 
Engineer as Chief of Party,with a party made up of Instrumentman, 
Rodmen,Gl1alnmen,and when required Axemen. Since the detailed 
. . . ~ : ; 
organizatIon and duties are covered in various Handbooks there 
will be no need to go into detail in this paper. 
The Survey Party is usually divided into two sections, 
viz: The transit party and the level party. The transit party 
will generally handle all topography notes as it goes along,and 
the two parties may be combined at intervals to take cross-sections 
or some special topography,etc. 
The engineering operation2 requisite to the highway 
survey are: The Reconnoissance~ The Preliminary SurveY,and The 
Location. Some engineers carry their final location along with 
their preliminary location. This can only be done after years of 
experience,and once mastered properly will save much effort and 
cost in making a location. 
The Reconnoissance is a general and somewhat hasty 
examination of the country,thru which the road is to pass,for 
the purpose of noting its more prominent features,and acquiring 
a general knowledge of its topography with reference to the 
selection of a suitable route. 
This work calls for a high degree of engineering skill 
and broad vision,as the engineer must be able to visualize the 
completed highway carrying thousands of vehicles with the great-
est possible facility ,safety ,and economw. It is here that the two 
primary requisites for a Locating Engineer come into play - these 
requisites being the ability to judge distance and direction with 
ease and an uncanny accuracy. I have accompanied a man,who has an 
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enviable record as a locating engineer,for great distances ahead 
of the transit party ,both in the mountains and over winding roads, 
and have had him point out a tree or some prominent terrain fea-
ture and tell me we should pass within so many feet of that 
object;then go back to the transit party and turn an angle that 
would eventually bring us by the very point mentioned. Except in 
extremely rough countr.y,or some unusual circumetance,he was able 
to avoid running a preliminary line,utilizing his ability to 
observe and judge distance and direction during the reconnois-
sance to place his final location where it should be. 
Most engineers pay little heed to the reconnoissance 
and tho they may locate a good line thru the country traversed, 
it is not always the best line between the terminal pOints. They 
also overlook another most important point in the reconnoissance 
and that is to obtain and study any available map of the country 
in question. The U.S.Geological Survey maps ,on a scale of a mile 
to the inch,are particularly valuable since their contour lines 
show elevations. The maps of the U.S.Coast and Geodetic Survey, 
of the U.S.Engineer (War) Department,and soil maps of the U.S. 
Department of Agriculture and the local State College of Agri-
culture are all valuable supplements where no Geological Survey 
map is available. 
The use of such maps saves needless field trips; 
affords ant idea of routes and grades thereon;serve as a check 
on the actual field operations;and quickly determines what routes 
should be discarded. 
Where no maps are available of the section desired, 
as is true for a large portion of the State of Georgla,it will 
be necassary that the engineer travel over the most favorable 
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routes,and if required,by reason of th.e peculiar topography,he 
must cover the entire country between the terminal points;so that 
he can choose a route which can be built at a reasonable cost, 
all factors considered,and which can be maintained economically. 
The engineer should not only seek the best ground on 
the route first assumed,but should have an eye to all other pos-
sible routes,holding them in consideration pending this accumu-
lation of evidence .and being ready,flnally,to adopt that one 
which promises the greatest ultimate econo~. He should be able 
to read the face of the country like a, book or map,and to carry 
in his mind a continuous idea or image of a~ line he is examin-
ing,so as to judge with tolerable accuracy of the influence a~ 
one portion of the line may have on another as to alignment and 
grade,even tho many miles apart. 
At the present time the use of aerial photographs and 
maps on reconnoissance are coming more and more into use. In any 
map with accurate contours the trained and competent locating 
engineer has a valuable tool. He will be able to adopt the most 
suitable alignment from noting the direction of streams,wooded 
areas,height and formation of slopes ,direction and position of 
ridges,and the location and elevation of various passes. 
The actual survey operations are well covered in all 
manuals dealing with highway and railroad curves ,and in treatises 
on surveying,so will not be discussed here. 
When the engineer finds it necessary to run a prelim-
inary line he will usually "hub" it out,1.e.,place only sufficient 
stakes to give the necessary P.O.Ts.(Points on Tangent). In 
securing elevations the Locke,or hand,level and target rod are 
most frequently used. 
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Some engineers make their final location py plotting 
it on a contour map secured from the preliminary survey. If the 
preliminary survey has been made at the proper location there is 
no objection to this method. Where the location can be made di-
rectly without the use of the contours much labor and time can 
be saved. 
It is advisable at this point to offer a few cautions 
regarding the conduct of the survey. Foremost may be mentioned 
the adjustment of the instruments before the start of the survey, 
and at frequent intervals during the survey especially after a 
rough trip or usage. The rodman should be cautioned to always 
hold his rod plumb,in order to counteract the natural tendency 
to cant the rod. The chain should be held taut to counteract 
any tendency to allow it to sag. All members of the party should 
carry keel(lumber crayon) ,and tacks with them at all times. 
Hubs should be solid stakes,preferably of heart 
material approximately two inches square,driven solidly into the 
ground with a tack driven in top to mark the point on the line. 
These hubs are frequently a short piece of iron pipe with a wood-
en~ plug driven in it to hold the tack. Theyshould be permanent 
in so far as possible,and should always be reference by means of 
a guard stake,shoTI ing the stationing,driven alongside them. 
Where the location follows an old road nails (about 
7 t1 ) should be driven in the ground to mark stations or hubs. If 
the latter a hole should be dug in the road about 6" deep and a 
nail driven thru a Coca Cola bottle cap to mark the pOint. All 
stakes should show the station number and offset on them. These 
stakes should then be driven,at right angles to the line,off the 
road to act as reference and guard stakes. It is preferably when 
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offsetting stakes to offset them on the same side of the center 
line thruout . Care should be taken to see that the stakes are 
measured and driven at right angles to the center line when off-
set. If a guard stake for a hub it should be so noted on back of 
the stake by writing P.O.T.;P.O.C.;etc. 
Where it is necessary to make an equality in line,this 
should be clearly shown by giving the station forward equals the 
station back,~s! Sta.156+25.6 Forward ~ Sta .156+32.8 Back which 
is a minus equality of 7.2 feet,if one subtracts the difference 
but in reality the line is 7.2 feet longer due to the equality~ 
, 
An equality in levelS is shown similarly. 
lt is well to stress the fact that accuracy in levels 
is of more importance than is accuracy in distance. Next in im-
portance comes accuracy in reading angles on the vernier of the 
transit. An error in levels or angle may possibly result in chang-
ing a location, but an error in distance can be corrected on con-
struction. This can be seen when it is realized than an angle of 
10 subtends achord of 1.75' in lOO';and that an error in levels 
of one foot may result in a difference of gradient sufficient to 
adversely affect a line. Thus it can be seen that this later is 
the most serious error. 
The procedure of the survey party is relatively Simple 
and follows good survey practice,so shall not be touched upon 
here. The Locating Engineer will usually be with the transit party 
and gives the transitman instructions regarding all turns that 
are made. He is thus enabled to place the alignment where desired. 
In order to simplify and coordinate its surveys the 
Georgia Highway Department requires that they shall begin at the 
south or west end. 
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When starting the survey the zero hub of the transit 
line ,and all other control pOints,should be refer·enced to three 
or more permanent objects if possible,so that the line may be 
definitely re-run several years later without depending on stakes-
which are at best only temporary. A solar observation should be 
made at the begining and ending of each survey to serve as a 
check on the alignment. If calculated bearings are checked against 
magnetic bearings after each turn,any error will be caught. 
Sta.kes must be driven at P.Gs.and P.Ts.,8,nd at 100-ft. 
intervals on tangents except where brea.ks occur when a stake is 
driven to mark the station-plus of the break. This is especially 
true at the banks of streams and ditches so that there will be 
no chance of failure to secure elevations and cross-sections at 
these pOints. Stakes will be driven at 100-ft.intervals on curves 
of less than 40 ;at 50-ft. intervals from 40 to l20 ;and over this 
at 25-ft.intervals. In mountain locations it is frequently nec-
essary to run in and stake out the curve on chords of less than 
25-feet. 
All text on surveys show a specimen page of the tranSit 
notes with the data required. Fig.X illustrates a plan sheet 
plotted from the tranSit notes. The data required can be summed 
up by stating that in addition to the curve data,all topography 
within 500-feet of each side of the center line should be shown. 
When measuring the off-set to buildings,etc. care 
must be exercised to see that all measurements are made perpin-
dicular to the center line. This is particularly true on curves. 
To illustrate the care required in taking notes: I have 
seen a set of notes come in from the field in which the end of 
the survey was shown at a different station,varying by several 
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hundred feet,in each of the transit,level,and cross-section books. 
It is rare that sufficient data for stream cro8si~~s,and struc-
tures in place ,are shown - thus necessitating their return to the 
field for further information. 
When starting the line of levels it is generally cust-
omary to place a Bench Mark (B. M.) near the zero hub. This B. M. 
should be placed on some permanent object,and tied in to some 
known Bench. Such a Bench will be on another surveY,a Govern-
ment Bench,or if in a city a nearby fireplug. If no known Bench 
is available then an assumed elevation, based on the approximate 
datum of the immediate locality,is taken for the starting B.M. 
Where Government B.Ms. are available at the begini~~ 
and ending of a survey they can be used in lieu of check levels; 
otherwise it is the practice of the Georgia Highway Department 
to run a line of check levels,during the course of the survey. 
Bench marks should be selected with care,and so placed 
that they will not be destroyed by construction opera tions. This 
applies with great force to the bench mark placed near each 
major stream crossing. Fig.X illustrates a line of profile 
level s plotted up,and shows the descriptions of the various B. Ms. 
Levels and crose-sections should be taken at all full 
stations established on the transit line,as well as all abrupt 
breaks in the terrain. On reconstruction work it may be found 
necessary to take elevations at intervals of 25-ft.or less in 
order to permit the new grade to fit the old. 
Profile lEvels should show elevations of: all pipe 
lines and manholes, tops of rails of intersecting tracks,of all 
intersecting roads for at least l50-ft.from the center line ,ground 
elevations of all buildings that might affect . the grade,and 
, 
B. M. 0'~55 200.55 200.00 Tp.Firep1ug 48' 
1t.Sta.0+47 
0+00 2.75 197. 8 
+42.3 2.98 197.57 
1+00 5.2 195.3 
2+00 9.8 190.7 
+09 10.05 190.50 End Paving 
T.P. 1.11 191.60 10.06 190.49 
3+00 6.1 185.5 
+70 7.3 184.3 
4+00 7.9 183.7 
Check: 
5+00 5 .6 186.0 
-22.39 200.00 
6+00 4.4 187.2 +12.89 190.50 
9.50/ 9 .50/ 
T. P . 0.43 189.10 2.93 188.67 
7foO 1.4 187.7 
8+00 2.9 186.2 
9+00 4.5 184 .6 
10+00 4.8 184.3 
+20 7.6 181.5 
T.P. 10.80 197 .48 2.42 186.68 
11+00 9.6 187.9 
B. M. 6.98 190.50 Na il i n 24" Ch ina -
berry 60' Rt.14+50 
Check 12.89 22.39 
Left Hand Page - Right Hand Page 
FIG. 7 
Typical Sheet of Level Notes. 
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clearance of overhead structures,or any other elevation that way 
affect design or construction. 
Either the level or transit notes should show location 
and recommendations for all drainage structures and cross-drain 
pipe. The specifications of the Georgia Highway Department 
classifies any opening with a clear span of 20-feet or over as a 
bridge. The data required for all drainage structures are similar 
and should be shown in the notes. 
The profile notes should give sufficient elevations 
to show grade,height of opening,and depth of water at all 
bridges,culverts,strear~ and gullies. In all cases it is of ut-
most importance to show the elevation of HIGHWATER. In listing 
the highwater elevation the date and source from which it is 
determined should be stated. The year in which highest known 
highwater occurs varies .with the stream and section of the state. 
Where the transit line is on an offset to the true 
center line,in order to avoid some obstacle,the levels and cross-
sections should always be taken on the true ce nter line,or else 
a notation made that this was not done with sufficient inform-
ation given to aid in determining the true center line elevations. 
The level party should at all times be as close to the 
transit party as is feasible,considering the terra in traversed. 
It will frequently be found necessary to have the levels up in 
order to determine the gradient before the transit party can 
proceed. 
Before taking cross-sections the engineer should know 
the width of roadway,berms and ditches ,and also the slopes to be 
used on the project. These items will vary depending on the type 
of road and its construction,and the State and section of · State. 
~ft Hand. Page Right Hand. Page 
0+00 -0.8 -1.0 -1.9 0.0 -0.8 -1.0 
40.0 30.0 23.0 21.0 40.0 
+42.3 +0.4 0.0 -1.3 0.0 -1.0 -0.7 00 
40.0 33.0 23.0 27.0 28 .0 40.0 
2+00 -0.4 0.0 
40.0 0.0 40.0 
3+00 -5.5 -5.7 -0.7 0.0 -0.6 -5.9 -6.1 
40.0 31.0 30.0 17.0 20.0 40 .0 
FIG.8 
A TYpical Method of Keeping Uross-Section Notes 
In this case the Locke Level is used and the H.I.is constant 
so that it will be deducted fro m each rod reading before being 
recorded. The elevation of the center line is shown by a rod 
r eading of zero in all cases - the elevation being the same as 
recorded in the level notes. The elevation of the other distan-
ces ar e t her efore found by add i ng or subtr act i ng t he rod r ead i ngs 
shown f rom the center line elevation. 
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Cross-sections should be taken at all points that a 
level reading has been taken,and to avoid missing any point the 
stations of all rod readings should be copied from the level 
book into the cross-section book prior to cross-sectioning. Where 
feasible they should be taken for full width of right of waY,and 
in all cases should be taken far enough on each side of center 
line to permit plotting the roadway grade on them. 
The organization of the cross-section party is variable 
depending on men available and preference of Chief of Party. It 
will consist ordinarily of an instrumentman and two or more rod-
men. It is the general practice in Georgia,and probably most 
States,to use the Locke or hand level rather than the "y" level 
in taking cross-sections. When this is done it is customary to 
place the level on a 5-ft.stick when reading in order to main-
tain a constant H.I. The center line reading will then be 0.0 
and the other readings plus or minus the difference in elevation 
between the rod and center line. Distances should alwaye be 
written as 10.0 if even feet or 10.4 if odd feet to avoid confusion 
in reading notes. The readings will be written as a fraction with 
the elevation as the numerator and the distance as the denomina-
tor,thus: +1.3/7.5 • Fig.XI is a typical plan cross-section sheet. 
Altho the Locating Engineer rarely has to figure earth-
work quantities from cross-sections,it is worthwhile for him to 
know the methode used on construction for figuring yardage. In 
the office this is done by means of a planimeter set to read 
cubic yards direct. This is not feasible in the field so more 
direct methods are employed. Two of these methods are the "Criss-
Cross" or Double Area method and the Double Triangular Formula. 
To illustrate the Criss-Cross method let us assume that 
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the roadway template has been plotted on the cross-sections,and 















which in this case would represent the readings for setting slope 
stakes. Then crisscrossing from left to r1ght,first numerator 
times denominator then denominator times numerator,and adding the 
two then dividing by 2 gives us the yardage for the single area 
underconsideration. We thus have: 
0.0 x 26.0 _ =- , ""-0.0 50.0 x 19.0 = 950.0 
19.0 x 24.0 -= 453.0 26.0 x 19.5 = 507.0 
19.5 x 0.0 = 0.0 24.0 x 19.5 = 468.0 
19.5 x 25.0 = 487.5 o.o.x 19.6 = 0.0 
19.6 x 32.0 = 627.2 25.0 x -20.0 = 500.0 
20.0 x 50.0 =1000.0 32.0 x 0.0 = 0.0 
2567.7 2425.0 
and adding them together and dividing by two we get 2294.8 cu.yds. 
and if we add the side ditches estimated to be 381.5 we have a 
total of 2676.3 cu.yds.which checks reasonabl y close with the 
yardage shown on Fig.XI. It is well to mention that the ditches 
will give a constant thruout the use of the same ditch section. 
The tr i angular method is very similar except that the 
cut or fill is figured as a rectangle and the two end triangles, 
formed by the slopes,are subtracted from the total double a rea 
found and the result divided by 2,as above,to find area of the 
section at station considered. The total earthwork may then be 
found by adding two sections as in the double end area method. 
It is common practice for the loca ting engineer to 
keep,and submit with his notes,a"continuou8 profile"of his loc-
ation . This consists of a ~oil of special paper printed with 
cross section lines on one side to permit plotting the profile, 
and white on the other to permit plotting the alignment and to-
pography. This permits the entire line to be plotted up on one 
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continuous sheet with tentative grades and alignment shown to 
a scale of,usually,400 feet to the inch horizontally,and 20 feet 
to the inch vertically. 
In laying grades most engineers use a straight edge, 
but I have observed that most of the more experienced locating 
engineers,in Georgia,use a spool of strong black thread;when 
laying grades in the field. This offers many advantages,for it 
is convenient and its color offers a strong contrast with the 
profile,besides not covering any part from view. It may be easily 
shifted,or with the aid of several pins more than one grade can 
be studied at the same time. 
Altho the question of grades has been rather thoroughly 
discussed previously, it is well to bear in mind two primary 
objectives when laying grades. These are;first,that whenever 
possible quantities should balance, that is,earthwork from cuts 
. should be used to make the fills so that borrow and waste can 
be reduced to a minimumjand secondly,to secure easy grades. In 
mountain location it is preferable to have a break in grades so 
as to furnish a breather space for vehicles. 
Vertical curves can be computed as follows: The eleva-
tion on the curve equals the straight grade elevation,plus or 
minus distance on curve squared,divided by half the length of 
curve,squared,times t he middle ordina te . This may be shown by 
the formula: e'=e ! I ~ ( d'/tl)2 x ~= ~ where e'= elevation on 
curve, e= straight grade elevation, d' = distance, 1 = length 
of curve,and M = middle ordinate. The Middle Ordinate being equal 
to the algebraic difference in gradient,times Stations i n curve, 
divided by 8, M.O. = (-A-B)xS/8. 
There are many curve tables published,and in use, 
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which give constants for various distances from the P.C. or P.T. 
which,when multiplied by the middle ordinate,will give the factor 
to be added or subtracted from the straight grade elevation to 
give the elevation of the curve at that point. 
In the field vertical curves may be ea sily calculated 
by the use of a Polyphase Slide Rule for cOl~uting corrections 
as follows: Set the slide on middle ordinate on scale A;set half 
the length of curve on scale C on slide;run slide to distance on 
scale C,and read correction on scale A. 
Understanding the above field procedure we can better 
understand what the Locating Engineer must decide upon,and 
direct,in the actual survey opera tions. We find that in his re-
connoisance he must tentatively locate the road both in his own 
mind and on any maps he might possess - that he must decide 
whether his survey will be a ridge line,valley line,or whether 
in mountain work he can locate a suitable pass. 
We find that he must frequently make a preliminary 
survey to: Fix accurately the maximum grade to be used; determine 
which of several lines is best;provide a map as a basis upon which 
the location can be properly made;and to make a clo se estimate 
of the cost of the work; before he can proceed with the final 
location or the final fitting of the line to the ground. 
Before transmitting notes to the office,the Chief of 
Party should see that all sheets and notes are arranged consec-
utively,pages numbered, books indexed and dated,and all computa-
tions made and carefully checked. 
-~~ ------------------
BRIDGE LOCATIO N 
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BRIDGE LOCATION 
Some States .have a special survey party to determine 
the location for all large bridges,however the majority,like 
Georgia,follow the location established by the locating engineer 
and check the site for design purposes only,or to take more 
elaborate s.oundings for f~undation design. 
The burden of bridge location falls,therefore,on the 
Locating 'Engineer who,in loca:ting a road,must cross a stream or 
railway requiring a bridge. Few locating engineers know or 
realize the data required to properly design a bridgejand seldom 
send in a set of notes with sufficient data to permit the bridge 
department to make up a design,without first obtaining additional 
information from the field. As an example I saw a set of notes 
which consisted of the following data at the bridge locat ion: 
"Branch with good flow.tt Incidentally this branch required a 
IOO-foet bridge. 
In crossing a stream,where possible,the survey should 
cross at right angles to the center line of the stream. The cross-
ing should be on a straight reach of the stream between high well 
established banks or bluffs ,and not in the bend of the stream 
or at a point where it is likely to change its channel in periods 
of hlghwater. The narrowest crossing should be sought at all 
times,unless other data outweigh the conSideration of length. 
This should be determined by a reconnois sance of the stream,for 
some distance above and below the tentative center line, before 
the survey reaches it. 
In general the location should be such that sharp cur-
ves in the alignment will not be introduced near the ends of the 
bridge tangent., A location that would require a heavy grade on 
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the structure should be avoided whenever possible. When grades 
are laid ample allowance should be made for clearance between 
the bottom of the trusses,or girders ,and the floor,and also for 
the required clearance above highwater. It is the practice of 
the Georgia Bridge Department to allow 1.5-ft.clearance between 
the lowest beam,or girder,and highwater. Consideration must be 
given to clearance to allow for passage of drift,also. 
The center line should be carefully referenced so that 
it may be readily found when the bridge is staked out. Bench 
marks should be definitely located and accurately descrived. The 
datum of the B.M. should be stated,if from a government bench it / 
should also be described. 
A traverse of the stream for a distance of 500-fciet 
each side of the location center line should be made so that its . 
general course can be determined. Where a channel change can be ' 
made to advantage,it should be shown. The topography of the 
stream should include all , islands,shoals,other structures,and 
all works of man in the immediate vicinity of the proposed 
crossing. The bearing of the stream and its direction of flow 
should also be noted. 
As mentioned under culvert location, the elevation of 
low water,normal water,and extreme highwater,are of utmost im-
portancejand should be determined and shown. For navigable 
streams,the mean or average high and low tides should' be determ-
ined;and care taken to see that these levels check the datum of 
the U.S.Geological SurveY,whose datum is average tide,or the 
Coast and Geodetic Su rveY,whose datum is mean low tide. Where 
the datum used is a U.S. Engineer Department guage its datum must 
be checked,for instance on the Savannah River,Georgia,they have 
--- ---------------------------------------
established a line of levels based on the Pulaski guage,whlch 
datum is established at old Fort Pulaski,near Savannah. 
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When practicable the velocity of the current,in feet 
per second,at high and normal water should be made by any means 
available. Any evidence of erosion by the stream,particularly 
along the banks,should be recorded as such evidence affects the 
layout of the structure. The amount and character of drift and 
ice should be determined and noted. 
At locations over tidal streams,it is important to 
know whether or not the water is brackish. Nearby existing struct-
ures should be examined to see if there is any evidence of the 
presence of the teredo. 
There is no exact method of determining the proper 
waterway. For instance in the mountains streams are very flashy 
and have a quick run-off so that a smaller opening on a steep 
slope will suffice,rather than a lar ge opening on a small slope 
as is used in more level country. Judgement should be based on 
the following approximations: (1) Comparison with existing brid-
ges; (2) computation by formula of the discharge of the natural 
channel,as shown by Table 5; and (3) estimate of the runoff from 
the drainage area. The last two methods do not give the waterway 
directly,but only the discharge for which it is necessary to pro-
vide. An opening must then be proportioned so that the discharge 
may be passed without damage to the structure. 
The foregoing shows the lack of definiteness which 
characterizes waterway determinations and should emphasize the 
importance of complete and reliable data,so that all information 
will be at hand for applying a given method of computation,and 
further,that several methods may be compared. 
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Existing bridges near the proposed site should be mea-
sured,so that the area of the wa terway below them may be determ-
ined. The measurements should be sufficient to show a layout of 
the bridge,elevation of the bridge floor,and elevation of high 
water with reference to the floor and lowest member, and the hor-
izontal clearance over the channel when a navigable stream. The 
distance of the existing bridges above or below the proposed site 
should be noted,and also,it should be ascertained whether or not 
the adjacent roadway is inundated by high water. 
All dams near the proposed site should be located and 
shown on a map accompanying the survey notes. If the bridge 
crosses above the dam,a typical cross-section of the stream be-
low should be made to ass i st in determining the actual wa terway 
required by the bridge; as a conSideration of the profile thru 
the mill pond,alone,would be misleading. For the same reason it 
should be noted whether high water is caused by back wa ter from 
larger adjacent streams. As mentioned previou'sly the area of the 
drainage basin above the proposed crossing should be given. 
Preliminary investigations should be made to determine 
the depth and suitability of foundation material. Where rock is 
not present,or is at some depth below the ground surfa ce,sound-
ing rods,augers and,where special equipment is available,wa sh 
borings should be used to determine the character of the found-
ations;and all of the area which is likely to be included by a 
bridge structure should be explored. Other material besides rock, 
such as a deep bed of gravel or firm claY,may be considered ade-
quate for foundations and the depth at which they occur should 
be indicated on the soundings with the type of material overlaying 
it. 
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The soundings should be carried to a depth sufficient 
to insure against incorrect footing design. The selection of the 
type of structure may depend largely upon the information submit-
ted concerning the nature of the foundation soil. The depth to 
which soundings should be taken will be governed by the nature 
of the material encountered and the type of sounding equipment 
used. Rarely will a locating party be equipped with more than a 
makeshift sounding rod,and they will show as complete soundings 
as they possibly can to allow preliminary studies to be made. 
Where the survey is a relocation and it is contem-
plated using an existing structure,or replacing it by a new 
structure on the old center line,it will be necessary to secure 
complete details of the existing structure. Where no plans are 
available,and it is contemplated widening or strengthening the 
existing structure,it may be necessary to take measurements of 
the structure i n the field and draw it leg ibly in the note book 
to approximate scale - however,in a large structure,this is 
usually turned over to a special party out of the bridge engin-
eers office and is rarely undertaken by the 10ca tiJ:"l.g party. They 
will,however,show such information as a s ketch of the structure 
showing major vertical and horizontal dimensions,c learance above 
high water and over channel,and when possible to secure fro m 
name plate or other source the date it was bUilt,and by whom. 
The' locating party should show details of construction 
and materials used ;evidence of scour, backing up or overflow; 
direction of flow;complete inforrnatation regarding high water 
stages and dates;effect of natura l forces as salt water,etc.; 
temperature and settlement on the action and life of the bridge; 
elevation of top of floor, bottom of stringers or t 'loo%" beams, 
- - - --'~'-----------.,.-
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water surface and stream bed . Alignment and grade of the stream, 
structure,and roadway approaches should be determined,as well as 
the angle of skew - which is the smaller angle between the high-
way center line and the face of the abutment . Similar measure-
ments should be made on any nearby structure . 
Every effort should be made to obtain depths and types 
of footings,character of foundation and abutment walls;and if 
on pile bents,the condition of bents should be stated with a 
sketch showing span lengths,number and spacing of piles accurate-
ly determined . The general condition and appearance of the exist-
ing structure should also be noted . 
Figure XI I shows a typical Plan and Elevation sheet 
of a bridge,giving all essential data,to accompany a set of 
roadway or bridge plans . 
RAILROAD GRADE SEPARATIONS 
Insofar as profile,plah,and soundings for foundations 
are concerned,the information required for a structure either 
over or under a railroad is essentially the same as that requi-
red for a bridge across a stream. The survey should include cross-
sections of the railroad cut or embankment and the adjacent ground. 
In addition,the railroad should be accurately located. 
All sidings,signal towers,and both frog and switch pOinte of any 
switches close to the survey should be shown. If the railroad is 
on a curve,the degree of curve and the approximate location of 
the P.C. and P.T.,if close to the survey,should be determined. 
All important dimemsions as: Station-plus of railroad center line; 
angle between survey and railroad (measured from curve tangent if 
either is curved) after being carefully checked; and perpindic-
ular distance between tracks,if there is more than one track; 
should be given. 
Measurements should be taken to the nearest railroad 
mile-post ,and its number,distance and direction from highway 
center line noted;as: North, M.P.#8l,2898'. The name of the rail-
road station in each direction should also be noted. All rail-
road structures adjacent to the proposed crossing,such as pipes, 
culverts ,section and tool housee,semaphore signals,poles and wire 
lines,and switch lights,should be located and shown in the notes. 
The elevation of the top of each rail at the point crossed by the 
surveY,and for a distance on each 8t~e of the highway center 
line,sufficient to determine grade,should be taken. Information 
on the use of existing and probable future tracks should be se-
cured when possible;and all utllitles,as water maIns,pole lines, 
etc.,within the area to be occupIed by the proposed bridge noted. 
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In the case of an overhead crossing, where the railroad 
is in a cut, the material in the bank should be carefully exam-
ined and soundings taken. These soundings should be taken far 
enough back to be beyond any probable abutment location. 
In the case of an underpass ,attention should be given 
to the important question of drainage,noting particularly the 
elevation and location of the lowest practical outlet. If the 
underpass is near a stream it should be located. and elevations 
taken in the stream bed at various points,and at any high water 
mark. Should there be a railroad drainage structure nearbY,its 
location and the elevations of inlet and outlet carefully shown. 
Careful examination and inquiry should be made relative 
to the backing up caused by the railroad structure that would 
likely force the water to run thru the underpass. In case of 
backing up, the feasibility of placing an auxiliary culvert under 
or beside the underpass should be reported on. If there is ba ck 
water from a large stream, its maximum and average elevation should 
be determined. 
Information relative to a temporary or detour crossing 
while structure is under construction should be included in 
notes if at or near site of proposed crossing. 
OFFICE PROCEDURE 
j 
Nel Lenqlh Rood.voy : 28,626 6 
Nel Lentllh 13,.;d'les: 3600 
Nel Lentflh Pro/eel ~ 28,986 6 
Net Len'l1h Excepltons= 00 
Gross Len~/hPro./ec/. = 28,9866 
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OFFICE PROCEDURE 
Upon receiving the field notes in the office they a re 
first thoroughly checked and then plotted on standard plan sheets, 
as illustrated by Figures X to XIV. 
After the alignment and level notes are plotted the 
grades,based on tentative grades on continuous profile,are laid, 
and earthwork quantities calculated and balanced. All curves and 
grades should be based upon requirements previously mentioned. 
Dra inage structures are determined,based upon field 
recommendations and office determination of dra. inage areas ,and 
shown on the plan-profile sheet. All bridge structures required 
are turned over to the Bridge Depa rtment f or design. 
After plans have been completed sufficiently to show 
all grades and re commended drainage structures,they are u sually 
returned to t h e f ield for a preliminary inspection(P.S. & E.)by 
the State Highway Engineer,or assistant,the Division Engineer and, 
if a Federal project, the representative of the Bureau of Public 
Roads. They will note any changes or corrections required on the 
plans and return them to the office where they will be completed. 
When the plans are completed a Summary Sheet,Fig.XIV, 
will be drawn up listing all the quantities required to construct 
the road. 
A c over or title sheet will also be drawn up showing 
the entire line ,and major stream and road crossill..gS. Fig . XIII 
illustrates such a sheet,and it is inter esting to note,in this 
case,how the Locating Engineer located this road so as to elim-
inate grade crossings and obtain a shorter and straighter a lign-
mente 




build a road and its drainage structures will be found in a com-
pleted set of roadway plans. 
Any reco mmendations for changes of grades or align-
ment during construction are also noted on these plans. 
After a job has been completed the Resident Engineer 
in charge must note any variation from the plans,during con-
struction,on them in red ink and submit it with his final esti-
mate as a permanent record of the road as actually constructed. 

CON C L U S ION S 
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CONCLUS IONS 
From the preceeding discussion we find that a highway 
location is made for the purpose of (1) Building an entirely 
new highway to serve a distinct traffic need, which may be the 
result of some local improvement or of traffic density,on exist-
ing routes,or of politica l expediency; (2) relocating existing 
routes to facilitate traffic movement or to reduce traffic costs 
by elimination of excessive grades,curvature or grade crOSSings, 
and by shortening of distance;and (3) for the purpose of safety 
by eliminating dangerous and hazardous pOints on an existing 
road. 
One can readily see that a knowledge of the facts 
given are of extreme importance to those Engineers charged with 
the planning and location of our highways. Theirs is the duty to 
bu i ld a safe road at a minimum of cost,in order to amply serve 
the 10ca1ity,and purpose ,for which built by carrying the maximum 
traffic at a minimum expense. 
Since it is i mpossible to g ive the actual mental 
process of the Locating Engineer,as he goes about fitting the 
road to the terrain,an attempt has been made to state all 
essential facts which he must keep in mind and consider before 
reaching the final decision. Examples have been given of actual 
locations which it is hoped have illustrated these essentia ls. 
The mechanics of the survey are not difficult and 
ea,s i1y mastered, but the mental pr ocesses that must be gone thru 
and mastered come only from years of experience. Thus it is 
hoped that realization of the principles a nd economics involved 
will show that an engineer must g ive some thought to his problem 
before a road can be correctly 10cated,and that it is not so easy 
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as to lead one to believe that a road might be located by t aking 
an instrument in the field and turning off a few a ngles. 
We find also t hat the need for the proper planning 
of a state system is essential if roads are to be built to carry 
future traffic in safety,and a t a minimum expense to t he travel-
ing public. Unle s s this is done the Sta te will be put to tre-
mendous expense to correct future traffic evils, and in most ca se s 
will be able to alleveiate,only,rather than correct the evil. 
Money spent now on proper planning and location will result in 
future savings measured not only in money,but in human happiness 
and lives as well. 
Our pre s ent inadequate road systems well illustra te 
the need for study on the part of our responsible authorities, 
and the. necessity of our engineers devoting the sa me time and 
t hought to the problems of location as they do to the other 
problems of road build ing. 
It is no longe r possible to restrict the motor vehi-
cle to our roads - the roads of the future must be so loca ted, 
designed,and built as to t ake care of any traffic to which they 
might be sub jected. When this is a cco mp lished the economic well 
being of our communitie s will be increased,and the toll of lives 
lost,due to neglig ence and faulty loca tion,reduced to t he 
minimum. 
FIG.XV 
Bridge on Richmond-Washington Highway (U.S.l) 
between Alexandria and Fredricksburg,Va. 
Note excellent alignment and sight. 
• 
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